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EVALUATION OF HOLSCEIN BULt SPEW QUALITP 
BY FLOR CY!COHETKP 
B. E. Ballachey, L. K. J o s t  and D. P. Evenson 
S t a t i o n  Biochemistry Sec t ion ,  Department of Chemistry 
BEEF REPORT 
CA!LTLB 86-24 
Frozen semen samples from Hol s t e in  b u l l s  were measured by t h e  sperm 
chromatin s t r u c t u r e  assay  (SCSA), a  new procedure u t i l i z i n g  flow cytometry f o r  
t h e  w a l u a t i o n  of sperm q u a l i t y .  F e r t i l i t y  r a t i n g s  of t h e  b u l l s  were known based 
on t h e i r  use  i n  a r t i f i c i a l  inseminat ion matings. Values obta ined  by t h e  SCSA 
were h igh ly  c o r r e l a t e d  ( r  = - . 5 8 ,  P<.01) w i t h ' b u l l  f e r t i l i t y  r a t i n g s .  Resu l t s  of 
t h i s  r e sea rch  i n d i c a t e  t h e  SCSA may b e  a  va luab le  technique f o r  measurement of 
sperm c e l l  q u a l i t y  and d e t e c t i o n  of suboptimal f e r t i l i t y  i n  b u l l s .  
(Key Words: Bul l s .  A r t i f i c i a l  Insemination, Flow Cytometry, F e r t i l i t y ,  Semen 
Qual i ty .  ) 
In t roduc t ion  
A n  important  problem i n  t h e  l i v e s t o c k  i n d u s t r y  i s  accu ra t e  de te rmina t ion  of 
sire f e r t i l i t y .  Tes t s  p r e s e n t l y  used t o  e s t ima te  semen q u a l i t y  i nc lude  
measurement of m o t i l i t y  and morphological abnorma l i t i e s  of sperm. However, t h e s e  
t e s t s  have no t  always proven u s e f u l  f o r  p r e d i c t i o n  of f e r t i l i t y ,  and t h e r e  i s  a 
d e f i n i t e  need f o r  improved methods t o  determine semen q u a l i t y  and u l t i m a t e l y  sire 
f e r t i l i t y .  Flow cytometry i s  a technique which provides a new method f o r  
eva lua t ing  sperm c e l l s .  
A flow cytometer i s  an  instrument  designed f o r  t h e  measurement of c e l l s  i n  
l i q u i d  suspension flowing p a s t  a measuring poin t .  The c e l l s  may b e  l a b e l e d  w i t h  
a  f l u o r e s c e n t  dye which b inds  t o  t h e  component of i n t e r e s t  (e.g., DNA) and then  
passed s i n g l e  f i l e  i n  a  f l u i d  s t ream through a  l a s e r  beam. The f l u o r e s c e n t  
s i g n a l s  emi t t ed  from t h e  c e l l s  a r e  de t ec t ed  by pho tomul t ip l i e r  tubes  and 
processed by a computer i n t e r f a c e d  t o  t h e  flow cytometer. 
A method has been developed c a l l e d  t h e  Sperm Chromatin S t r u c t u r e  Assay 
(SCSA) which uses  flow cytometry t o  measure t h e  s t r u c t u r e  of chromatin (DNA and 
a s s o c i a t e d  p r o t e i n s  found i n  t h e  nucleus of t h e  c e l l )  i n  sperm c e l l s .  The SCSA 
involves  t r e a t i n g  c e l l s  b r i e f l y  w i th  e i t h e r  a c i d  o r  hea t  t o  p a r t i a l l y  dena ture  
t h e  DNA, i.e., t o  convert  t h e  more s u s c e p t i b l e  reg ions  of t h e  double-stranded 
(ds)  DNA t o  s ingle-s tranded ( s s )  DNA. The sperm a r e  then s t a i n e d  w i t h  a c r i d i n e  
orange (AO) dye and measured by flow cytometry. When t h e  A0 is bound t o  
double-stranded DNA, it f l u o r e s c e s  green when e x c i t e d  by t h e  l a s e r  beam and, when 
bound t o  s ingle-s t randed  DNA, i t  f luo resces  red. Measurement of green v s  red  
f luorescence  i n  an A s s t a i n e d  c e l l  i n d i c a t e s  t h e  r e l a t i v e  content  of double- v s  
s ing le-s t randed  DNA and thus  provides a  measure of t h e  s t r u c t u r a l  s t a b i l i t y  of 
t h e  c e l l .  To quan t i fy  t h e  degree of dena tu ra t ion  i n  a  sample, a lpha-t  ( a t ) ,  
def ined  a s  t h e  r a t i o  of red  t o  t o t a l  ( red  and green)  f luorescence ,  i s  used. 
Higher a t  v a l u e s  a r e  a s s o c i a t e d  w i t h  inc reased  s u s c e p t i b i l i t y  of t h e  sperm t o  
dena tu ra t ion .  
Previous work suggested t h a t  s u b f e r t i l e  i n d i v i d u a l s  had sperm samples w i t h  
h ighe r  a t  v a l u e s  when measured by t h e  SCSA, i n d i c a t i n g  d e f e c t i v e  o r  a l t e r e d  
chromatin s t r u c t u r e  of t h e  sperm could be  a  f a c t o r  i n  decreased s i r e  f e r t i l i t y .  
During t h e  p a s t  2  years ,  a  s tudy has been conducted t o  v e r i f y  t h e s e  e a r l y  
r e s u l t s .  The major o b j e c t i v e  of t h i s  r e sea rch  was t o  determine t h e  r e l a t i o n s h i p  
between s i r e  f e r t i l i t y  and flow cytometr ic  measurements on sperm chromatin 
s t r u c t u r e .  
Experimental Procedure 
Frozen semen samples from 49 mature Ho l s t e in  b u l l s  r ep re sen t ing  a  
c ros s - sec t ion  of r e g u l a r  product ion  s i r e s  were supp l i ed  by Eas t e rn  A r t i f i c i a l  
Inseminat ion Cooperative, I t haca ,  NY. Based on post-thaw m o t i l i t y ,  a l l  samples 
were s u i t a b l e  f o r  use  i n  a r t i f i c i a l  inseminat ion.  F e r t i l i t y  r a t i n g s  had been 
previous ly  computed f o r  t h e s e  b u l l s  based on n o n r e t u m  r a t e s  from a l a r g e r  number 
of matings. Higher f e r t i l i t y  r a t i n g s  were a s s o c i a t e d  w i t h  inc reased  s i r e  
f e r t i l i t y  . 
Sperm samples were s t o r e d  i n  l i q u i d  n i t rogen  u n t i l  measurement. A t  t h a t  
t ime, samples were thawed, d i l u t e d  w i t h  phys io logica l  s a l i n e  and immediately 
measured by t h e  SCSA method. Flow cytometry measurements were made us ing  a  
Cytofluorograph I1 and 2150 computer system from Ortho Diagnos t ic  Systems, Inc .  
(Westwood, MA). For each sample, t h e  l e v e l s  of green and red f luo rescence  were 
recorded on 5000 c e l l s  and t h e  d i s t r i b u t i o n  of a t  va lues  w a s  computed. The 
s tandard  d e v i a t i o n  ( a  measure of t h e  v a r i a t i o n  among c e l l s )  of t h e  d i s t r i b u t i o n  
of a t  v a l u e s  (SD a t )  was used t o  desc r ibe  t h e  ex t en t  of dena tu ra t ion  of a  sample. 
The c o r r e l a t i o n  c o e f f i c i e n t  was computed t o . q u a n t i f y  t h e  a s s o c i a t i o n  between 
SD a t  and FR. 
Resu l t s  and Discussion 
An example of t h e  d a t a  c o l l e c t e d  f o r  each sample i s  shown i n  f i g u r e  1. I n  
t h e  cytograms (A and C), green f luorescence  (ds DNA) is on t h e  v e r t i c a l  a x i s  and 
r ed  f luo rescence  i s  on t h e  h o r i z o n t a l  a x i s  ( s s  DNA), and each do t  i n  t h e  cytogram 
r e p r e s e n t s  a  s i n g l e  c e l l .  The alpha-t  ( a t )  frequency his tograms (B and D) 
corresponding t o  t h e  cytograms show t h e  d i s t r i b u t i o n  of a t  v a l u e s  f o r  t h e  
samples. The f i r s t  sample (A, B) i s  from a b u l l  w i t h  a  h igh  f e r t i l i t y  r a t i n g  and 
t h e  second (C, D) from a b u l l  w i t h  a  low f e r t i l i t y  r a t i n g .  Note t h e  g r e a t e r  
p ropor t ion  of c e l l s  w i t h  inc reased  red f luorescence  i n  C, i n d i c a t i n g  a  g r e a t e r  
s u s c e p t i b i l i t y  t o  dena tu ra t ion ,  and t h e  a s s o c i a t e d  s h i f t  i n  a t  v a l u e s  seen i n  D. 
The SD a t  v a l u e s  were 35.9 and 80.0 f o r  t h e  f i r s t  and second samples, 
r e s p e c t i v e l y .  
The c o r r e l a t i o n  c o e f f i c i e n t  between b u l l  f e r t i l i t y  r a t i n g  and S D a t  was 
-.58, measured on 49 b u l l s .  This  i n d i c a t e s  t h a t  h ighe r  SD w t v a l u e s  a r e  
a s s o c i a t e d  w i t h  lower f e r t i l i t y  r a t i n g s .  
I n  cons ide ra t ion  of s e v e r a l  f a c t o r s ,  t h i s  c o r r e l a t i o n  is q u i t e  h igh  and 
encouraging f o r  t h e  a p p l i c a t i o n  of t h e  SCSA a s  a  t e s t  of sperm q u a l i t y  i n  t h e  
a r t i f i c i a l  inseminat ion  indus t ry .  F i r s t ,  only a  s i n g l e  sample from each b u l l  was 
measured by t h e  SCSA, whereas f e r t i l i t y  r a t i n g s  were based on matings us ing  semen 
from a  l a r g e  number of co l l ec t ions .  Secondly, when t h e r e  i s  l i t t l e  v a r i a t i o n  
among b u l l s ,  o the r  s t u d i e s  have gene ra l ly  obtained law c o r r e l a t i o n s  between 
conventional  semen q u a l i t y  t e s t s  and s i r e  f e r t i l i t y .  Although t h e  b u l l s  measured 
i n  t h i s  study had a  r e l a t i v e l y  narrow range of f e r t i l i t y  ( a l l  were accep tab le  f o r  
r o u t i n e  use i n  a r t i f i c i a l  inseminat ion) ,  t h e  f e r t i l i t y  r a t i n g s  were neve r the le s s  
s i g n i f i c a n t l y  c o r r e l a t e d  wi th  the  SCSA r e s u l t s .  The a s s o c i a t i o n  between 
f e r t i l i t y  and SDa t may be w e n  s t ronge r  i f  a  group of b u l l s  w i t h  g r e a t e r  
v a r i a t i o n  i n  f e r t i l i t y  were measured. 
To t e s t  t he  accuracy of t h e  technique, repea t  measurements were made on t h e  
samples. The r e s u l t s  of t h e  two measurements agreed very  wel l ,  demonstrating 
t h a t  e r r o r  due t o  t h e  ins t rumenta t ion  i s  minimal. Furthermore, f o r  some b u l l s ,  
samples ,were obtained from c o l l e c t i o n s  taken over a  s eve ra l  y e a r  t ime period and 
t h e  a t  va lues  of s e v e r a l  d i f f e r e n t  c o l l e c t i o n s  from a  b u l l  were, i n  most cases ,  
s i m i l a r .  Thus, a  s i n g l e  c o l l e c t i o n  of a  b u l l  should be r e p r e s e n t a t i v e  of f u r t h e r  
c o l l e c t i o n s  from t h a t  b u l l .  
The SCSA can a l s o  be appl ied  t o  sperm from o the r  spec ies .  To-date ,  
s t a l l i o n ,  ram, human, mouse and turkey samples have a l l  been measured and s t u d i e s  
on these  spec ie s  a r e  p resen t ly  underway. Whether o r  not a  c o r r e l a t i o n  e x i s t s  
between chromatin s t r u c t u r e  and f e r t i l i t y  i n  spec ie s  o the r  than  c a t t l e  has no t  
y e t  been determined. An important ques t ion  regarding t h e  va lue  of t h e  SCSA i n  
f e r t i l i t y  p r e d i c t i o n  w i l l  be whether o r  not  t h e  c o r r e l a t i o n  between t h e  SCSA and 
b u l l  f e r t i l i t y  measured i n  a r t i f i c i a l  inseminat ion matings w i l l  a l s o  be obtained 
when f e r t i l i t y  is  measured under n a t u r a l  mating condi t ions .  Future  r e sea rch  w i l l  
a l s o  i n v e s t i g a t e  t h e  r e l a t i o n s h i p s  between t h e  SCSA and t r a d i t i o n a l  methods 
(e .  g., m o t i l i t y ,  morphology) of eva lua t ing  sperm q u a l i t y .  
I n  conclusion,  t h e  SCSA i s  a  new method which u t i l i z e s  flow cytometry f o r  
measurement of chromatin s t r u c t u r e  i n  sperm c e l l s .  S tudies  on f rozen  sperm 
samples from Hols te in  b u l l s  have shown a  s i g n i f i c a n t  a s s o c i a t i o n  between 
propor t ion  of sperm wi th  s t r u c t u r a l l y  abnormal chromatin and b u l l  f e r t i l i t y  
r a t i n g s .  The SCSA should be of va lue  i n  t h e  a r t i f i c i a l  inseminat ion indus t ry  f o r  
d e t e c t i o n  of f e r t i l i t y  problems i n  b u l l s  and even tua l ly  may a l s o  be u s e f u l  f o r  






Figure 1 .  Green v s  red fluorescence cytograms (A, C) and 
corresponding alpha- t frequency histograms (B.D) of sperm 
prepared by the S C S  method from two buffs .  
